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[57] ABSTRACT 

An elongated cable structure of rigid and flat transverse 
cross-section for protecting conduits of various types 
includes interior axial lines of high tensile strength 
which may be used to suspend equipment from one 
cable end and to force the equipment axially past ob- 
structions in a well hole. The structure may be raised 
and lowered in the well hole by means of exterior teeth 
which are firmly secured to the underlying tensile lines 
project from the surface of the structure to mesh with 
traction drives. 

23 Claims, 3 Drawing Sheets 
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«w,„.,~,« t* 1 * cable stn «ture in an oil well. The armor is coupled 

PUSHING AND PULLING CABLE to the hauling lines through a vertebrae-like structure 

which efficiently transmits the longitudinal and normal 
Field of the Invention component* of frictional forces applied to the outer 

The invention relates to a reinforced cable structure 5 surface of the armor through the cable structure to the 
of flat cross-sectional shape and is especially con- hauling lines. 

structed for deploying, suspending, operating and re- In these cable structures the axial components of the 
trieving submersible pumps in oil wells. The exterior driving forces will be substantially equal to the coeffici- 
surface of at least one side of the structure is provided ent of friction between the surface of the armor and the 
with a series of longitudinally spaced teeth that project 10 drive means contacting that surface multiplied by the 
from this surface to mesh with, for example, the cleats magnitude of the force components normal to that sur- 
of a coil tubing injector, and thereby achieve a positive face. For certain field applications, particularly deep 
drive engagement therebetween. well applications, which require that considerable 

BACKGROUND OF THE INVENTION is Iengths ' ^ correspondingly considerable weights of 
t . , 13 cable be raised and lowered or for other field applica- 

Cable structures for hauling electrical power, hy- tions where considerable pushing and pulling forces are 
draulic and electrical signal transmission lines are typi- required to force the cable and its attached equipment 
cany used in od wells for the installation, operation and axially past obstructions in the bore hole, it may be 

EES? °i f tnC ? P™? f t ° thet appafatUS at " *n nccessar y to utaiM P° sitive meshi "S drives as an alter- 
P^r ^ t ° f native to frictionai engagement or as a supplement to 

Prior art cable structures used for this purpose are frictionaI engagement 

armor tape. An example of a prior art cable offflMype £ ~ki <? • ^ ™P y m h ° leS ' 
is disclcied in copending U.S. Pat. No. AS " J^J^^,? Z T™' "? ~' 
Ernest G Hoffmanffesued Feb. 17, 1987 and in U S. Pat ^^JSL ^ ^ ^W^?,?.^" 
No. 4,716,260 of Ernest O. Hoffman and David R iT^ a ^f^^ 7W 
Neuroth, issued Dec 29,1987 both of said applications J T?V B : Wi ^> there is disclosed a cable structure 
being assigned to the same assignee as the instant appli- W T* * rem ^ rced b * a succession of spaced-apart 
cation. 30 stnker plates. The plates are designed to be engaged by 

To chemically treat bottom hole oil wells, a hollow th ? teeth of a Mve sprocket which provide a mesh 
flexible conduit, which typically takes the form of a d 1 nve wth the cable structur e- Specifically, each striker 
corrugated steel tubing, is inserted into the well. This plate has a transv ersely grooved face for meshing with 
tubing serves as the medium through which an appro- the teetn of the drive sprocket and the plates are sepa- 
priate treatment fluid, such as liquid nitrogen, is able to 35 rated tne . Ien 8 th of tne structure by intervening 
be injected into the well. A pair of coacting vertical lengths of flexible polymeric production tubing em- 
endless traction belts mounting laterally spaced apart ployed to provide bendability to the structure. With this 
cleats is typically used for driving the tubing into and arrangement, the plates are positively and successively 
pulling the tubing out of the particular bore hole. This engaged by rotation of the drive sprocket teeth to move 
type of meshing drive means is often referred to as an 40 the cable structure longitudinally, 
"injector" and normally has its belts oriented in vertical ,9 ne disadvantage of the Walling cable structure is 
alignment with the surface entrance to the bore hole, tn * f the striker plates are designed simply to receive but 
The tubing is gripped tightly between the coacting not to grip the longitudinal tensile elements which are 
cleats which translate in the vertical plane upon rotation used to suspend the cable structure. Hence, when long 
of the traction belts or chains to impart vertical move- 45 lengths of cable are suspended, the weight of the sus- 
ment to the tubing. A powered reel is typically used to pended length of the cable hanging below the engaged 
store, pay out and accumulate the tubing. striker plate may cause the tensile elements to slide 

An injector of this type is disclosed, for example, in through the bores in which they are received in the 
U.S. Pat. No. 3,285,485 which issued to Damon T. Sla- engaged striker plate causing undesirable separations to 
tor on Nov. 15, 1966. 50 occur between various parts of the suspended structure. 

Inasmuch as a source of pushing and pulling forces is I" addition, the flexible nature of the ploymeric produc- 
available with injectors, it would be advantageous to tion tubing may allow it to elongate axially during us- 
have a cable which could also effectively utilize these age. Since the striker plates in Walling are maintained in 
commercially-available meshing drives as a means for their axially spaced relationship by the abutting and 
positively driving the cable structure and any equip- 55 underlying tubing, it is apparent that the axial distance 
ment attached to the cable's down-hole end past ob- or pitch between the grooves in successive striker plates 
structions and deviations in the bore hole. could vary, especially as the cable is withdrawn under 

To be able to utilize the available mesh drives efiec- tension from the bore hole. At this time, elongation of . 
tively, the cable structure preferably should posses the the intervening polymeric tubing sections can be most 
feature of being able to efficiently convert the available 60 appreciable, as will be obvious. If the pitch of adjacent 
drive forces into high magnitude axial pushing and striker plates increases as a result, the sprocket teeth 
pulling forces which can be concentrated along the which remain of fixed pitch may not mesh precisely 
longitudinal axis of the cable structure and hence, paral- with the metal grooves in the striker plates, thus allow- 
lei to the desired direction of cable translation. ing slippage to occur between the sprocket teeth and 

As disclosed m our aforementioned copending patent 65 the cable structure or, in severe situations, possibly 
applications, an armored cable structure which is allowing the sprocket teeth to engage and pinch the 
formed by overlapping and interlocked convolutions of intervening sections of polymeric tubing and the con- 
armor windings may be compressively driven to move duits contained therein. 
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SUMMARY OF THE INVENTION 

An object of this invention is to provide a cable struc- 
ture having an exterior surface designed and con- 
structed to mesh with a conventional mesh-type of 5 
cable drive means. 

Another object of this invention is to provide a cable 
structure with teeth of virtually constant pitch which 
can be positively engaged and driven by commercially 
available mesh-type drive means. 10 

The instant invention provides a cable structure 
which overcomes the problems of prior art structures 
by providing teeth on the exterior surface of the cable 
structure for meshing with the available cable drive 
means and by virtually nonextendably coupling the 15 
teeth to one another in the axial direction to ensure that 
a constant pitch is maintained between successive teeth 
during usage of the cable structure. 

More specifically, in accordance with this invention, 
there is provided an elongated cable structure of flat- 20 
tened cross-sectional shape which utilizes a series of 
elongated toothed elements extending perpendicular to 
the longitudinal axis of the structure in longitudinally 
spaced apart relationship for efficiently converting Ion- 
gitudinal drive force components applied to the toothed 
elements by meshing traction drives into longitudinal 
cable pushing and pulling forces. 

This conversion is effected by an articulated verte- 
brae arrangement of transversely rigid blocks on which ^ 
the toothed elements are mounted. The vertebrae 
mount the toothed elements upon a pair of symmetrical- 
ly-disposed tensile lines and the blocks grip line seg- 
ments to limit any elongation of the gripped segments. 
The blocks are contiguous to ensure that the pitch be- 35 
tween the toothed elements mounted on the blocks is 
maintained virtually constant even during extreme 
cable stretching conditions occurring during cable 
withdrawal from the well. 

Other objects, advantages, and salient features of the 40 
present invention will become apparent from the fol- 
- lowing detailed description, which taken in conjunction 
-with the annexed drawings, discloses various embodi- 
ments of the present invention. 

DRAWINGS 45 

Referring now to the drawings which form a part of 
this original disclosure: 

FIG. 1 is a right perspective view of a section of one 
embodiment of an assembled cable structure con- 50 
structed in accordance with this invention; 

FIG. 2 is an exploded right perspective view of the 
embodiment of the cable structure illustrated in FIG. 1; 

FIG. 3 is a end sectional view of an embodiment of a 
jacketed cable structure in accordance with this inven- 55 
tion; 

FIG. 4 is a longitudinal cross-sectional view of the 
jacketed cable structure illustrated in FIG. 3, the view 
being taken along section lines 4 — 4 in FIG. 3; 

FIG. S is a perspective view of another embodiment 60 
of a channel member for use in the instant cable struc- 
ture; and 

FIG. 6 is a perspective view, with certain parts omit- 
ted for clarity showing a typical engagement between 
the cable structure of this invention and a conventional 65 
cleated traction drive. 

FIG. 7 is a perspective view of the embodiment of 
one of the channels shown in FIGS. 3 and 4. 



DETAILED DESCRIPTION OF THE 
INVENTION 

As seen in FIGS. 1 and 2, the cable structure 10, 
constructed in accordance with the instant invention, is 
substantially flat in transverse cross section. Along its 
length the structure 10 is comprised of a vertebrae as- 
sembly formed of longitudinally rigidly intercoupled 
blocks 11. The interlinked blocks form a tubular , hous- 
ing for enclosing the tensile (hauling) and the power 
lines for the equipment attached to these lines. 

First and second high tensile strength lines 12 and 13 
typically formed of wire strands of high tensile strength, 
helically twisted together as a rope and disposed paral- 
lel to each other inside the blocks 11, provide the main 
tensile members of the structure from which the down- 
hole equipment ultimately is attached and thereby sus- 
pended. Preferably, each of the lines 12 and 13 has the 
same tensile strength and diameter and both are dis- 
posed symmetrically on each side of the neutral axis Z. 
of the structure 10. 

. The individual blocks 11 are rigid and durable and 
designed to mesh with the vertically disposed cleats 68 
of a coil tubing injector, as depicted in FIG. 6, a drive 
sprocket or coacting pair of drive sprockets (not 
shown) but described hereinabove, or similar mesh-type 
drive means. As is typical of these types of drive means, 
their teeth or cleats can be adjusted laterally to engage 
and vertically align a tubular member therebetween. 

The blocks 11 may be composed of a rigid metal, such 
as steel, or of a rigid, durable plastic material which will 
resist high temperatures, maintain high mechanical 
. strength and resist the chemicals which may be encoun- 
tered in a particular well environment. 

Between the first and second tensile lines 12 and 13 
and extending parallel thereto inside the blocks 11, 
FIGS. 1 and 2, is a protected power line 16 comprised, 
for example, of a composite of insulated electrical con- 
ductors and/or fluid conductor tubes for the deployed 
equipment; three symmetrically arranged individually 
insulated electrical conductors being shown and desig- 
nated by the numerals 19, and three symmetrically ar- 
ranged hollow, fluid conductor tubes being shown and 
designated by the numerals 20. The conductors 19 and- 
/or 20 may be parallel or helically twisted together to 
form an electrical and/or hydraulic power line or con- 
duit 16 within the cable structure. The protected line 16 
is located centrally- of the blocks 11 in an axial bore 31, 
FIG. 2, and is laterally isolated from the tensile lines 12 
and 13 and Protected against compressive forces by the 
intervening rigid body structure of the blocks 11. 

An elastomeric filler 21, FIGS. 2 and 3, is applied to 
the tine 16 to fill any voids between the individual con- 
ductors and the blocks 11. Preferably, the filler 21 se- 
lected of a material which can flow into the air voids in 
the blocks 11 during assembly. The filler expands and 
hardens in the voids when vulcanized to effect a me- 
chanical interlock between the lines 12, 13 and 16 and 
the blocks 11. This interlock minimizes any relative 
slippage between the lines 12, 13 and 16 and the blocks 
11 and blocks gas and chemical flowage between these 
lines and the vertebrae during usage of the cable struc- 
ture. The cable structure may be vulcanized while on its 
reel. 

Filler materials suitable for this purpose may be any 
of the ethylene-propylene diene monomer (EPDM) 
blends having a Mooney viscosity measured at 212° F. 
of between 50 and 130. 
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As illustrated in FIGS. 2 and 3 each block 11 is com- dispensed with and the blocks 11 longitudinally inter- 
prised of a pair of opposing upper and lower jaws 18 connected in tandem solely by spaced apart attachment 
and 18 , respectively which are substantially identical in to the tensile lines 12 and 13. 
size and shape and therefore interchangeably usable in The thickness of each jaw; that is, the dimension 
the cable structure 10. The jaws pairs 18, 18', FIGS, 3 5 parallel to the X axis, is such that the groove pairs 30 
mclude two pairs of open-sided grooves 30, SO'and 32, 30* and 32, 3* clamp peripheral segments of the lines 12 
32 , respectively, which are typically of identical size and 13, respectively, with the desired compressive force 
and shape and form therebetween a juxtaposed pair of before the opposing flat surface portions of the jaws 
longitudinal gripping surfaces when the jaws are assem- abut one another and prevent additional compression of 
bled together face-to-face, as shown. Each pair of 10 the tensile lines. Thus, the groove pairs 30, 3(y and 32 
nearly abutting grooves pairs 30, 30' and 32, 32' has a 32' coact to engage therebetween a major portion of the 
longitudmal dimension parallel to the Z axis and a trans- peripheral surfaces of the lines 12 and 13, respectively 
verse radius in the X - Y plane; the X, Y and Z axes and when further compressed, the virtually unextenda' 
being mutually orthogonal, as illustrated in FIG. h The ble blocks 11 firmly clamp such segments thereby mini- 
orthogonal axes intersect at the central axis or midpoint 15 mizing elongation in the Z direction of the clamped 
of the structure 10. tensile lines. The jaws are also symmetrical about the X 

The longitudinal axes of the tensile lines 12 and 13 are axis so that the wire strands forming each tensile line 12 
centered with respect to the concave walls defining and 13 are compressed radially inwardly, substantially 
thetr enclosing groove pairs 30, 30'; 32, 32'. The wall of equally, to uniformly distribute the compressive grip- 
each such groove is typically senu-circular and circum- 20 ping forces throughout the entire cross-section of these 
scribes an arc of about 165 degrees. The radius of each lines. The outer edge surfaces of the blocks 11 may also 
groove wall is slightly greater than the radius of the line be inclined toward their outer surfaces, as illustr>*«d to 

12 or 13 enclosed by that surface. The centers of the mmimize the width dimensions of the vertebrae ' 
oppositely facing groove pairs and their respective en- The central longitudinal bore 31 formed by the jaws 
closed hauhng lines 12 and 13 lie on a common axis 25 18 and 18' is practically circular in cross-section with a 
parallel to the Y axis and are also symmetrically located diameter slightly greater than that of the power line 16 
on each side of the X axis, as best seen in FIG. 2, so that so that when the flat opposing surfaces of the jaw pairs 
substantially equal compressive forces are applied to 18, 18' are forced together to the desired extent; that is, 
each tensile line 12 and 13 by the blocks 11. to a position where they virtually abut one another, the 

The two tensile lines 12 and 13 are twisted in opposite 30 power line 16 is lightly gripped by the blocks 11 Thus 
directions to nullify torque in the cable structure 10, and the power line is constrained longitudinally by the 
when enclosed and clamped by the blocks 11, are con- blocks 11 and the filler 21, but is not compressed to an 
strained against buckling and against outward radial extent which might cause disruption or injury to this 
separation (birdcaging) of the individual rope strands. line. 

The adjacent blocks 11 convert the tensile lines 12 and 35 As mentioned hereinabove, rather than relying upon 

13 into pairs of contiguous, axially rigid columns capa- the coefficient of friction and the magnitude of the 
ble of exerting substantially equal and symmetrical normal compressive forces as the determinative factors 
pushing forces m the Z direction and hence on the in providing the required magnitude of axial driving 
downstream length of the cable structure 10 and on any forces, the instant invention also provides for a positive 
equipment attached to that cable end. The lines 12 and 40 meshin&interaction between the outer vertebrae sur- 
13 are flexible enough to be bendable in directions paral- fac^ajp^^eeth^of an appropriate,mesh-type drive, 
hi ? i i 8308 at thC 36811161113 between adjacent The two major flat surfaces 41 and 41' respectively of 
bl ^T X \ . « c M each block 11, FIG. 4, is provided with one or more 

The jaw pairs 18, 18 are constructed with acutely teeth 45 that are spaced apart along the longitudinal axis 
angled front and rear surface 24 and 25, FIG. 2, respec- 45 (Z direction) to mesh between, for example, the cleats 
tively, to permit unrestricted long-radius articulation 68 of a typical injector, FIG. 6. The teeth 45 may be 
between successive blocks 11 about the Y axis. To main- formed integral with the blocks 11 and are elongate in 
tain longitudmal alignment between successive blocks the Y axis to distribute forces applied thereto over sub- 
11 and to increase the integrity of the vertebrae, the stantially the entire transverse width of each block, 
front surface 24 of each jaw pair 18, 18' is formed with 50 One embodiment of this invention depicted by FIG 
longitudinally projecting pairs of adjoining male 2, finds application in shallow well environments where 
tongues 40, 40, respectively, which mate with corre- high magnitude traction forces are not required to sus- 
sponding pairs of adjoining female grooves 42, 42' pend or drive the cable vertically. For such applications 
io rn !or m therearsurface 25 ofeach joining jaw pair support channels 48-2 described hereinafter may be 
18, 18 respectively. With the jaw pairs 18, 18', in sub- 55 omitted and the jaws 18, 18' of each block 11 may sim- 
stantially abutting relationship, FIG. 2, each adjoining ply be held together and fixed to the tensile lines 12 and 
pair of grooves 42, 42' completes a substantially semi- 13 by two or more rivets or bolts (not shown) which are 
circular socket and each adjoining pair of tongues 40, made long enough to extend parallel to the X axis 
40 completes a substantially rounded-edged pin which through similarly disposed bores (also not shown) pass- 
is sized to rotate in its opposite socket to provide a 60 ing through facing jaw pairs 18, 18'; the bores being 
journal connection between contiguous blocks 11 dur- located between the tensile lines 12 and 13 respectively, 
ing long-radius bendmg. and the power line 16 so as not to interfere with either 

As will be evident to those in the art, other types of line. The rivets or bolts inserted into such bores clamp 
connections may be employed for journaling the contig- the jaws 18, 18' together upon the tensile lines 12 and 13 
uous individual blocks 11 for articulation with the ten- 65 while the jaw pairs are held pressed against the lines 12 
sile lines 12 and 13 about the Y axis and parallel to the and 13 to the required extent. The elongation or extend- 
X axis. For some applications, the aforedescribed jour- ability of the tensile lines 12 and 13 in the Z direction is 
nal connections between successive blocks 11 may be thus virtually limited to those relatively short lengths of 
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tensile lines 12 and 13 spanning the adjoining blocks 11 tabs are disposed symmetrically on each side of the Z 

and hence, not contained by the blocks, which lengths axis and have their ends concave in the X-Y plane with 

provide the points of articulation in the X direction for a radius of curvature substantially equal to the radius of 

vertebrae bending movements. Accordingly, any rela- curvature of the underlying tensile line 12 or 13. The 

tive displacements in the Z direction between contigu- 5 tabs 53 and 64 extend far enough from the plates 50 to 

ous blocks 11 is minimized, with the result that the engage their respective underlying tensile lines, FIG. 4. 

longitudinal pitch (or distance between the crests of the With this arrangement each tab 63, 64 engages substan- 

teeth 45 in the Z direction) is maintained virtually con- tially one-half of the peripheral surface of its respective 

stant. underlying tensile element 12 or 13. The tabs 63 and 64 

If greater axial strength is desired, the blocks 11 may 10 also abut opposite end surfaces 24 and 25 of each jaw 18 

also be covered by additional pairs of support channels and 18', to further prevent relative axial movement 

48-2, as shown in FIG. 2. between the channels and the blocks 11. The end sur- 

In this embodiment the teeth 45 of cable structure faces 24 and 25, FIGS. 2 and 3, of each jaw may be 

also referred to by the numeral 10 the oppositely facing slotted in the Y direction, as indicated by the numerals 

support channels 48-2: Each channel 48-2 is typically 15 66, to receive therein the tabs 63 and 64 and lock the 

latticed from a narrow, thin sheet of rigid material, such channels against movement, as well, 

as steel, which may be provided with the hereinafter By configuring the openings 55 in the base sections 50 

described shapes and openings by standard metal stamp- of the channels 48-2 so that the opening edges conform 

ing and bending operations. The resulting lattice struc- to and abut the root portions of the teeth 45, supplemen- 

ture reduces the weight of the channel pairs 48-2 and 20 tary support is provided to the base of the teeth. As 

thereby increases the strength-to-weight ratio of the specifically illustrated by the embodiment of FIG. 5, to 

cable structure 10. increase the strength and rigidity of the teeth, the base 

Each channel 48-2 is typically comprised of a series of sections 50' of either or both channels 48-5 may be 
essentially identical lattice sections joined end-to-end by struck to provide adjacent pairs of rectangular teeth 45' 
opposite pairs of elongated strips 65; one of the strips 65 25 which, if so required, can extend far enough outwardly 
of the channel 48-2 being visible in FIG. 2. The strips 65 from the base sections 50* to make direct meshing en- 
are formed as an integral part of each channel 48-2 and gagement with the drive means. In such case, the teeth 
are of relatively narrow and thin cross-section to permit 45 may also serve as locating cores for the teeth 45'. For 
long radius bending between adjacent channel sections some applications, the teeth 45 may be omitted entirely 
in the X direction but are rigid in the longitudinal direc- 30 leaving the teeth 45' as the sole means to make meshing 
tion (Z) and therefore are virtually nonextendable in engagement with the available traction drive. As shown 
that direction. Alternatively, pivotal connections (not in FIG. 7, the pairs of channels therein designated 48-7 
shown) may be used to link the adjoining channel sec- may be extruded, stamped out or otherwise formed to 
tions together in a tandem, mutually bendable, but es- provided teeth 45" which are continuous, integral parts 
sentially axially nonextendable, relationship. 35 of the base sections 50 and conform in size and shape to 

Each channel 48-2, FIGS. 1 and 2, includes a flat base their underlying teeth in the jaws 18, 18'. Alternatively, 

section 50 from which parallel leg sections 51 and 52 the teeth 45 on the jaws 18, 18' may be eliminated and 

. depend at an obtuse angle of almost 120 degrees from reliance placed soley on the teeth 45" on the channels 

the plane of the sections 50 and extend in the same 48-7 to provide the desired meshing engagement be- 

direction thus proyiding each channel with a trough- 40 tween the traction drive and the vertebrae, 

.like shape which conforms closely to the shape and For deep well applications and/or where the cable 

dimensions of its underlying jaw pairs 18 and 18', re- structure is required to withstand extremely adverse 

spectively. Each leg section 51 and 52 has a pair of flat conditions of chemical attack, abrasion or impact, a 

rectangular edges 60 which abut in the Y plane when jacket 80, FIGS. 4 and 6 may be applied over the teeth 

the channel pairs are mounted on the blocks 11. When 45 45, 45' or 45" to form the embodiments of the cable 

thusly positioned, the edges are sufficiendy close to be structure illustrated in FIGS. 3 and 6 respectively. The 

clamped together and attached by, for example rivets or jacket 80 may be applied so that it spans the flat area 

bolts (not shown) or by bending and folding the over- between the teeth and is subsequently compressed and 

lapping edges together, as shown in FIGS. 1 and 3. deformed under heat and pressure; the latter being sup- 

The attachment of the channels 48-2 to one another is 50 plied by conventional coactirig forming rollers (not 
normally performed while the jaws 18, 18' are held shown) having outwardly exterior metal forming sur- 
compressed to the desired extent on the lines 12 and 13 faces shaped and sized to the shape and size of the cleats 
and once attached together, the channels are suffi- or sprocket teeth which ultimately will be employed to 
ciently rigid to prevent any subsequent significant sepa- suspend and drive the cable structure, 
ration between the clamped jaws. The base sections 50 55 The teeth 45, 45' or 45", as the case may be, are con- 
are stamped out as indicated by numerals 55 in FIG. 2 to figured and sized to serve as one half of the forming dies 
provide a series of equally spaced, elongate openings 55 which define the shape and the longitudinal spacing 
for receiving the teeth 45. The teeth 45 have a great between the exterior teeth 85 formed in the jacket 80 by 
enough height to project far enough above the surfaces the aforedescribed process. The jacket 80 may be com- 
of the channel base sections 50 on each side of the teeth, 60 posed of a flexible polymeric, such as nylon, or other 
FIG. 1, to make required meshing engagements with suitable material. For maximum strength and protec- 
the available mesh drive. The teeth may engage the tion, an armor jacket may be applied to the vertebrae 
edges of the openings 55 through which they project structure by winding overlapping helical layers of a 
with an interference fit to restrain the channels from tape of Z cross-sectional shape and composed of a suit- 
moving axially on their jaw pairs. 65 able ductile material, such as a ductile iron alloy, onto 

With reference to FIGS. 1 and 5, extending inwardly the blocks 11 and teeth 45, FIG. 2. The armor layer may 

from, and at right angles to each base section of each be used in lieu of the channels 48-2 or if greater strac- 

channel pair are a pair of tabs 63, 64, respectively. The tural strength is desired, the channels may be used and 
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the armor windings may be wound about any of the 
channels 48-2 (FIG. 1), 43-5 (FIG. 4), or 48-7 (FIG. 5). 
The armor windings may be applied tightly to the com- 
pressed underlying blocks 11 and channels and thus 
serves to clamp the former tightly onto the tensile lines, 5 

Once given the above disclosure, many other em- 
bodiments, modifications and improvements will be- 
come apparent to those skilled in the art. Such other 
embodiments, improvements and modifications are con- 
sidered to be within the scope of this invention as de- 10 
fined by the following claims. 

What is claimed is: 

1. An elongated cable structure having a longitudinal 
axis and comprising: 

at least one elongated tensile element having its longi- 15 
tudinal axis extending substantially parallel to said 
longitudinal axis of said cable structure for sus- 
pending the cable substantially longitudinally and 
being bendable about said longitudinally axis of the 
cable structure; 20 

an elongated articulated vertebrae comprised of a 
plurality of axially adjacent jaws of rigid cross-sec- 
tion affixed to said tensile element; 

said vertebrae having substantially flat opposite exte- 
rior surfaces; 25 

a plurality of longitudinally spaced-apart teeth ex- 
tending from at least one of said flat surfaces of said 
vertebrae for driving the cable structure longitudi- 
nally; 

said teeth arranged in substantially constant, spaced- 30 

apart longitudinal relationship; and 
substantially nonextendable means, mounted over 

and connecting said jaws, for maintaining said 

teeth in said spaced-apart relationship. 

2. The cable structure according to claim 1, wherein 35 
said teeth extend from both said opposite surfaces of 
said vertebrae. 

3. The cable structure according to claim 1, and fur- 
ther comprising a jacket enclosing said vertebrae, and 
wherein said teeth are formed in said jacket. 40 

4. The cable structure according to claim 3 herein 
said jacket is an armor jacket 

5. The cable structure according to claim 1 wherein 
said means includes at least one elongated channel 
mounted on one of said jaws, said channel having a 45 
longitudinal axis parallel to said longitudinal axis of 
cable structure. 

6. The cable structure according to claim 5 wherein 
said channel is bendable about said longitudinal axis and 
spans a plurality of adjacent jaws. 50 

7. The cable structure according to claim 5, wherein 
there are a pair of elongated channels mounted in oppo- 
site facing relationship on said one jaw, whereby said 
one jaw is enclosed by the channels. 

8. The cable structure according to claim 7, wherein 55 
said at least one tensile element comprises, 

a pair of alterally spaced-apart tensile lines having 
longitudinal axes substantially parallel to each 
other and to said longitudinal axis of said able, and 

wherein said channels have tabs depending therefrom 60 
and extending interiourly of. said vertebrae for 
engaging different ones of said tensile lines. 

9. The cable structure according to claim 1, wherein 
said teeth are formed integral with said means. 

10. The cable structure according to claim 1, wherein 65 
said teeth are affixed on said means. 

11. The cable structure according to claim 5, wherein 
each of said flat surfaces of said vertebrae mounts a 
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channel member thereon which spans opposite surfaces 
of adjacent jaws. 

11 The cable structure according to claim 11, 
wherein said channels have openings therein through 
which said teeth extend. 

13. The cable structure according to claim 11, 
wherein said channels and said teeth are affixed to one 
another. 

14. An elongated cable structure having a longitudi- 
nal axis and comprising: 

at least one elongated tensile element having its longi- 
tudinal axis extending substantially parallel to said 
longitudinal axis of said cable structure for sus- 
pending the cable substantially longitudinally and 
being bendable about said longitudinal axis of the 
cable structure; 

an elongated articulated vertebrae comprised of a 
plurality of axially adjacent jaws of rigid cross-sec- 
tion affixed to said tensile element; 

said vertebrae having substantially flat opposite exte- 
rior surfaces; 

a plurality of longitudinally spaced-apart teeth ex- 
tending from at least one of said flat surfaces of said 
vertebrae for driving the cable structure longitudi- 
nally; 

said teeth arranged in substantially constant, spaced- 
apart longitudinal relationship; 

substantially nonextendable means for maintaining 
said teeth in said spaced-apart relationship; and 

a jacket enclosing said vertebrae, said teeth being 
formed in said jacket. 

15. The cable structure according to claim 14 herein 
said jacket is an armor jacket. 

16. An elongated cable structure having a longitudi- 
nal axis and comprising: 

at least one elongated tensile element having its longi- 
tudinal axis extending substantially parallel to said 
longitudinal axis of said cable structure for sus- 
pending the cable substantially longitudinally and 
being bendable about said longitudinally axis of the 
cable structure; 

an elongated articulated vertebrae comprised of a 
plurality of axially adjacent jaws of rigid cross-sec- 
tion affixed to said tensile element; 

said vertebrae having substantially flat opposite exte- 
rior surfaces; 

a plurality of longitudinally spaced-apart teeth ex- 
tending from at least one of said flat surfaces of said 
vertebrae for driving the cable structure longitudi- 
nally; 

said teeth arranged in substantially constant, spaced- 
apart longitudinally relationship; and 

substantially nonextendable means for maintaining 
said teeth in said spaced-apart relationship, said 
means including at least one elongated channel 
mounted on one of said jaws, said channel having a 
longitudinal axis parallel to said longitudinal axis of 
the cable structure. 

17. The cable structure according to claim 16 
wherein said channel is bendable about said longitudinal 
axis and spans a plurality of adjacent jaws. 

18. The cable structure according to claim 16, 
wherein there are a pair of elongated channels mounted 
in opposite facing relationship on said one jaw, whereby 
said one jaw is enclosed by the channels. 

19. The cable structure according to claim 18, 
wherein said at least one tensile element comprises, 
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a pair of laterally spaced-apart tensile lines having 
longitudinal axes substantially parallel to each 
other and to said longitudinal axis of said cable, and 
wherein said channels have tabs depending therefrom 
and extending interiorly of said vertebrae for en- 
gaging different ones of said tensile lines. 
. 20. The cable structure according to claim 16 
wherein said teeth are formed integral with said means. 

21. The cable structure according to claim 16, 
wherein each of said flat surfaces of said vertebrae 10 



mounts a channel member thereon which spans oppo- 
site surfaces of adjacent jaws. 

22. The cable structure according to claim 21, 
wherein said channels have openings therein through 
which said teeth extend. 

23. The cable structure according to claim 21, 
wherein said channels and said teeth are affixed to one 
another. 

♦ * * * * 
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